It has been demonstrated by Suzuki, Baker and Shoemaker (1964) that in shock states a proportion of th: red cell volume may not be accessible to mixing with 51 Cr-tagged red cells. This phenomenon they have termed red cell sequestration. They have also shown that these non-mixing red cells return to the rapidly-mixed compartment when the circulation improves and particularly when blood viscosity is lowered (Suzuki et al., 1965) .
Many patients show some of the features of shock, such as vasoconstriction, during the first hour following major surgery despite apparently adequate volume replacement. This study was designed to see if sequestration could be detected after surgery in patients whose blood loss had been replaced with stored blood, which has a high viscosity (Albert et al., 1965) , and whether the phenomenon would be influenced by the giving of Macrodex which has a low viscosity at all shear rates (Gelin, Solvell and Zederfeldt, 1961) .
METHOD
Ten patients whose red cell and plasma volumes had been measured pre-and postoperatively as detailed in a previous paper (Vickers, Heath and Dunlap, 1969) had an additional blood sample drawn 2 hours after the start of the postoperative measurements. The apparent red cell volume at that time was estimated by comparing the radioactivity due to 51 Cr-tagged red cells in the sample with that in the standard used for the immediate postoperative measurements. Any loss of red cells from the circulation by continued bleeding at the operative site does not affect the results when this method is used, since tagged cells will be lost in the same proportion as untagged cells and no change in dilution, and therefore in apparent volume, should result. Five of the patients had received Macrodex as part or all of their replacement therapy; the other five received only stored blood.
RESULTS
The apparent red cell volumes 2 hours postoperatively and the immediate postoperative values in the two groups are presented in table I.
There was no significant change in the 2-hour value in the group receiving Macrodex (mean increase +5 ml; ( = 0.2; P=0.8). There was a significant increase in the 2-hour value in the group receiving blood only (mean increase + 183 ml; ( = 3.8; P=0.02). The difference between the two groups was significant (difference 178 ml; ( = 3.4; P<0.01). When the two groups are compared against similar measurements performed in seven control subjects under resting conditions (Heath, Vickers and Dunlap, 1969 ) the results in patients receiving Macrodex are not significantly different (P=0.4) whereas patients receiving blood show a significant increase in circulating red cells at 2 hours (P=0.01).
DISCUSSION
The theory usually advanced to explain sequestration is that sludging within the microcirculation with rouleaux formation causes an apparent loss of red cells unaccompanied by loss of plasma.
The results presented here confirm previous findings (Shoemaker, 1965; Suzuki, Baker and Shoemaker, 1964; Suzuki et al., 1965) and extend the implications beyond patients in shock to patients undergoing surgery which, although major, would not be considered as heroic. Operations ranged from vagotomy and pyloroplasty lasting 50 minutes to peripheral vascular surgery lasting approximately 4 hours. The difference between the two groups was not due to any difference in blood loss or volume replacement; volume balance of each patient being calculated on the basis of estimated blood loss and amount of colloid replacement (mean balance: "blood" -i-216 ml; "Macrodex" -16 ml; P=0.2).
There was no evidence of a trend towards an increase in red cell volume during the 20-minute sampling period of the immediate postoperative measurement which might indicate delayed mix- ing. On the contrary, in both groups, red cells accessible to mixing with autologous tagged cells appeared to be mixed completely within 10 minutes ( fig. 1 ). Thus it would seem that the red cells which further diluted the tagged cells at 2 hours in the patients receiving only blood were inaccessible to mixing at the time of the immediate postoperative measurement. It is, of course, possible that patients receiving Macrodex had a proportion of their red cell volume similarly sequestered, and that this remained unmixed at 2 hours; this seems implausible. Another possibility is that new red cells were released from the spleen or bone marrow in those patients receiving blood but it is equally difficult to see why this phenomenon should not occur in patients receiving Macrodex.
The time interval of 2 hours postoperatively was chosen arbitrarily, previous observations suggesting that circulatory conditions were substantially normal at this time. One cannot from these findings suggest at what time, or in what way, the mixing took place, nor yet if it was complete in any or all of the patients studied. However, sequestration must indicate a deviation from normal circulatory conditions and implies that a proportion of red cells are unavailable to perform their normal function. This suggests that the use of Macrodex as part of volume replacement therapy for operative blood loss has a beneficial circulatory effect unrelated to volume. Judged clinically, patients receiving Macrodex were noticeably less peripherally vasoconstricted immediately postoperatively and blood sampling was very much easier. One can only speculate as to what extent the difference between the two groups is due to differences in haematocrit or to differences in viscosity. 
